lake sediments from the Faiyum Oasis in Egypt: a record of environmental and climate 11 change.
Holocene lake sediments (Marks et al. 2016) . Collected samples were subjected to 85 comprehensive laboratory analyses, the most significant results of these are presented in this 86 paper.
88
Site location and previous studies 89 The area of the Faiyum Oasis is estimated at some 1270 to 1700 km 2 (Fig. 1 aeolian origin (Beadnell 1905; Said 1981 ).
94
The Faiyum Oasis is one of the most important depressions in the Western Desert of
95
Egypt and the question of its origin has been a subject of numerous disputes and 1929). On the other hand, Ball (1939) and Said (1979) suggested that the depression was 101 formed by complex tectonic movements and deflation, active since the Pleistocene to the 102 present time (Kusky et al. 2011) .
103
At present, the northern part of the Faiyum Oasis is occupied by the Qarun Lake
104
(location: 29°26'36" -29°31'15" N and 30°23'52" -30°49'55" E), which is a relic of the 
111
The Qarun Lake has been studied intensively since the beginning of the 20th century, Paleomoeris, Premoeris, Protomoeris and Moeris (Wendorf & Schild 1976 ).
119
Recent interdisciplinary research during which several drillings were performed in the 120 lake and along the southern shore of the Qarun Lake provided important data concerning the 121 6 origin and biostratigraphy of the Holocene lake (Keatings et al. 2010; Flower et al. 2012, 122 2013). The most important was the 21.4 m long core QARU 9 (Flower et al. 2013 ). However,
123
its location at the south-western lake shore, as with the other cores ( Fig. 1 
185
Samples were wet-sieved with 0.5 mm mesh. All shells and their identifiable apical 186 fragments were picked from the dried residue, identified under a binocular microscope
187
(magnification up to 64x) with reference to taxonomical keys (Brown 1994; Götting 2008; 188 Welter-Schultes 2012) and counted (Ložek 1986 ). Ecological preferences of mollusc species 
191
Ostracod valves and carapaces were studied in 29 samples according to the method 192 described by Löffler (1986) . The core was sampled at every 5 cm at 18.9 -18.7 and 18.1 - 
195
Ten cm 3 of sediment per sample were washed through 0.1 mm mesh sieve. Ostracods were taxonomically determined according to Sywula (1974) 
Results

220
Lithological characteristics of the core FA-1
221
The basal succession of the core FA-1 (Fig. 2) carbonates and other carbon sources. We note that the radiocarbon dates show a considerable 263 spread at this section of the core (Fig. 3 ), whereas they appear much more coherent within the 264 other sections.
265
Calcite is present in the laminated deposits and it means that a hard water effect is very 266 likely on the authochonous organic material as well. We have not done any exact estimation 267 of the hard water effect but it seems obvious that it is higher in the lower part of the core, routine which explicitly models the accumulation rate and its variability, and which uses 283 student-t distributions with wide tails to accommodate dating scatter. We used all the default 284 settings, except for the section thickness which was set at 20 cm given the length of this core.
285
Bacon used the IntCal13 curve (Reimer et al. 2013 ) to calibrate the radiocarbon dates.
286
Sedimentation rate in the lake was estimated based on counting of the laminae, using the 287 high-resolution photographs of the core. Every set of laminae (diatom, mineral and organic 19.8 -18.9 m depth, with average annual sedimentation rate of 1.4 mm (Fig. 4) Taking into account the above considerations and other data, tentative chronological.
300
boundaries were determined for the core FA-1 (Fig. 3) Na + indicated rapid rise in lake water salinity (Fig. 5 ). This implies a dry 326 environment setting and notably a restricted hydrological. connection with the Nile.
327
Phase 4 (12.4 -7.9 m depth, 5.9 -4.4 cal. ka BP) -ion contents were kept almost stable.
328
This implies slight salinization resulting from moderate connection to the Nile. previously. This suggests a sound connection of the lake to the Nile. frequently (Fig. 6 ).
344
The diatom spectra are dominated by riverine taxa including Aulacoseira granulata, A. Gomphocythere sp., most common and characteristic for a sublittoral zone of a freshwater Faiyum Lake development during the Holocene (Fig. 7) . The lake was initially a freshwater 477 21 lake, but then went through brackish to saline conditions. These changes were accompanied 478 by a fluctuating water level in the lake (interpreted from shifts of lake shore and varying 479 salinity), strictly combined with more intensive or reduced annual influx from the Nile. suggests erosion and redeposition of covering deposits and soils in the surroundings (Fig. 5) .
497
Termination of this phase is represented by a greenish-gray sandy mud intercalated with 498 bedded sand with taxa of Chara that indicate shallow (0.5 -4.0 m), fresh to slightly brackish 499 lake and increased evaporation during drier periods (Zalat 1995 (Zalat , 2015 . Regular inflows of the
500
Nile water in late spring and early summer are evidenced by predominant diatoms of the 501 Aulacoseira spp. assemblage zone (Fig. 6 ). They were blooming in summer, what could result 502 22 in strong nitrification and high primary productivity in the lake. The lake was freshwater,
503
slightly alkaline (pH = 7-8) and eutrophic, and due to increasing primary productivity -with 504 more silica in late spring and summer. (Fig. 4) . Enhanced nutrient availability 518 resulted in strong nitrification and high productivity. Silica content was high in spring and 519 summer (Fig. 6) . Peaks of K + and NH 4 + contents, rapid rises of Na + and Mg 2+ are recorded,
520
indicating salted lake water occasionally happening (Fig. 5) . sedimentation rate had been slightly rising from 2.7 to 3.7 mm a -1 at the beginning and 541 reached 6.9 mm a -1 at the end (Fig. 4 ). An enhanced nutrient availability in the lake indicates were slightly decreasing in the second part of the phase (Fig. 5) , suggesting a rising water peripheral area. The sedimentation rate was 9.6 mm a -1 (Fig. 4) . Human settlements in the (Fig. 6) . Deposition of grey-brown clayey silt (11.7 -7.9 m depth) with irregular, 571 thick (1-5 mm) diatomite prevailed, combined with few organic laminae and ferruginous 572 interbeds (Fig. 2) . Rapid increase of terrestrial material is noted around 5.0 -4.8 cal. ka BP.
573
The sedimentation rate was 16.9 -17.0 mm a -1 at the beginning and then rapidly increased to 574 the maximum of 37.7 mm a -1 (Fig. 4) The deposition in the lake became considerably varied (7.9 -6.0 m depth): at first, with ka BP, the lake sediments were completely devoid of diatoms and dominated by sand from 599 the surroundings (Fig. 6 ). also a deeper lake. The sedimentation rate was 13.75 mm a -1 (Fig. 4) . However, the following 608 very low diatom content or even lack of diatoms in the sediments were combined with lower 609 productivity in the lake itself (Fig. 6) Ptolemaic Period (Garbrecht 1994) . The lake water level was at about the sea level (Fig. 8) .
616
Increased nutrients in the lake and probably wind as well induced winter circulation favoured 
